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CONDENSATION OF PURE He3 AND ITS VAPOR

PRESSURES BETWEEN 1.2° AND ITS
CRITICAI POINT

" By 8. G. Sydoriak, E. R. Grilly, and E. ¥. Hammel

, On October 13, 1948 the authors succeeded in condensingl pure
He-, that was prepared by E. S. Robinson and R. M. Potter of the
laboratory. The isotope was "grown" from pure tritium solutions
by B decay of the tritium. The latter was initially separated
from traces of He' by passage through a palladium valve. The He
was purified by absorption of Hy, and T, in uranium, followed by

repeated successive passages over (1) hot CuO followed by a
liquid air trap, and {2) hot Ca, thus removing all other impuri-
ties except the rare gases.

These results seem especially interesting since so_much doubt
has existed over the properties of He3. London and Rice® suggested
that this isotops would not liquefy at all, at least not under any
"normal" conditions. Their argument was based on the large zero-
point energy calculated for He-, which they found to be sufficient
to compensate entirely the potentisl ensrgy of the Van der Weal's
cohesgive energy. Tisza- also doubted that He3 would liquefy unless
"entirely unheesrd of properties" of v&scoeity were exhibited by the
liquid. Fairbank, Reynolds, and Lane™ measured the vapor pressure
difference between He" and solutions enriched to 0.16 per cent He
in the temperature rangs from 1.3 to 4.2°K. Using ideal soluticn
.concepte, they calculated vepor pressures of pure He3, An extra-
polation of log P ve. l/T, led to a normel boiling point of 2.9 g,

In these experiments 20 cu cm STP of He3 wes used. The He3
wag permitted to condense into the bottom of a 1.2 mm ID stainless
gteel capillary immersed in a bath of liquid-well helium at depths
of, usually, 5 or 10 mm. The immersion depth was held constant by
gradually raising the dewar as the bath evaporated, the capillary
being fixed with respect to its vacuum system. A double Wilson
gseal surrounding the capillary made this immersion adjustment pos-
sible, even when pumping on the bath. In order to minimize the
effect of the dead volume of the capillary in the temperature re-
gion between bath and room temperature, the upper part of the cap-
illary was surrounded by two shells of heavier tubing in thermal
contact with the capillary at the top (room temperature) end and
at a point 4 cm from the bottom. Being far better heat conductors
than the capillary, these cghells had the effect of raising the
temperature of the capillary at all points on the capillary not
immersed in the liquid, thus greatly reducing the dead space.

The room temperature end of the capillary was connected to a
combined mercury manometer and simple Toepler pump in such a way
that by raising the mercury levels in the manometer, He3 could be
transferred into the capillary and ite pressure there measured.
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Condensation was assumed to be.taking place if the equilibrium pres-
sure in the capillary was independent of the volume of helium remaining
in the manometer. ‘ j
Figure 1 shows the date for three different temperatures. Flats
on.the two lower curves indicate the vapor pressures of He corresponding
tol3.l9.and13¢29?Kg Averaging temperature and pressure readings for all
points definitely on .a flat gives 3.189°K at 76.45 cm:Hg and 3.285°%K at
84,24 cm-Hg. = L , : . T
The upper cugve corresponds to a temperature of 34389K, which is
believed to be above the critical temperature, T,, since at T, & hori-

zontal.ihflection would be observed. From these data,ahd‘other-runs‘
at intermediate temperatures we have chosen T # 3,339Kh -

: ‘In & number of instences, at temperatures.-below 29K, it wae noted
that no rise in.pressure followed the flat region, even when all the
availeble He3 had.been edmitted. 'This indicated that at. low. temperature
we could no longer fill the cold portion of the capillary with liquid.

The vapor pressure measurements are summariEed‘inﬁTaple 1 and in

.Figure 2, which also shows vapor pressures for He ', deterﬁﬂned at
Teiden in 1937. It is interesting to note that at 1.2°K. the vapor pres-
sure of He3 is 32 times asgreat ag that of He™, suggesting the p&tential
usefulness of HeS for. thermometry at low temperatures. At 1°K He™ vapor
pressures are at the 1imit of accurate measurement. Indications are -
that He3 could be used down . to 0.5°K: or perhaps even lower. 'The pres-
sure at 0.5°K 1s 0.12 mm-Hg if our data is extrapolated on the assumption
of constant latent heat.below 1.4°K, ' ' .

A curve through the experimental points shows the normal boiling
point to be 3A18-9K5 ‘Extrapolation to the critical temperature gives
for the critical pressure P, = 875 mm Hg. Putting these values of ﬁ%
and-TCfin{Van.der_Waal's equation we find the critical density to be’
/90>:.0,036<E/cu cm. By Dieterici's equation, we find o, = 0.046.
Since for He™ the accepted value of Pc lies midway between.the values

calculated from.these two equations, we have chogsen P, = 0.041 g/cu cm.
This is close to our experimental estimate at 3.29°K. '

Taple»l, Vapor :Pressures of"He3|ffom 1.2 to 3.3°Kg

r,°%¢  P,omHg T,%% P,mm Hg

1.199 22.8 2.568 - .365.6

1.322 31.6 - 2.805 494.8

1.512 5347 ~ 3.020 63h.1

1.623  69.9 - S .3.189 . 7645

1.783 99.3 13.285 8ho.k

1,965  140.8 3.323 872.0 ,
2.035  159.2 (3433) (875.0) critical point

2.140 . 194.8 - (3.187) (760.0) boiling point
2,315  255.2 | .
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Figure 1. Vapor pressure of He3d at three different temperatures.
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